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3 membranes. 5 Freezing at rapid cooling rates may cause cellular injury by intracellular ice formation, whereas slow rates can cause severe dehydration and unfolding of proteins due to increased salt concentrations in the unfrozen fraction of the remaining water. 6 
Lessons from Brine Shrimp
Tolerance to water stress in A. franciscana is most likely governed by several different mechanisms that are in place to protect cells and tissues during water loss, as well as to repair injuries after rehydration. Biochemical strategies in brine shrimp include the accumulation of high concentrations of the protective solute trehalose, 7 increased expression levels of several types of small heat shock proteins (e.g. p26, Hsp 21, Hsp 22), 8, 9, 10 and Late Embryogenesis Abundant (LEA) proteins 11 . LEA proteins were first described in orthodox (non-recalcitrant)
seeds where their accumulation correlates with desiccation tolerance of the developing plant embryo. These proteins have been proposed to act as a hydration buffer by sequestering ions and by stabilizing other proteins and membranes via direct interaction. 12, 13 Additional functions may include formation of structural networks and stabilization of sugar glasses. 14, 15 In order to survive water stress it is mandatory to protect the integrity of the outer plasma membrane and to preserve the form and function of intracellular organelles such as the mitochondrion. Protection of the mitochondrion during water stress in brine shrimp embryos is governed by at least one organellespecific LEA protein (AfrLEA3m), which in all likelihood works synergistically with to the nonreducing sugar trehalose. Therefore, it is quite tempting to speculate that a LEA protein targeted to the endoplasmic reticulum still awaits its discovery in an anhydrobiotic animal. However, intracellular compartments other than the mitochondrion could be stabilized by non-LEA proteins such as p26, which can be found in the nucleus of encysted brine shrimp embryos 21 . Table 1 gives an overview of proteins in A. franciscana that serve possible roles in resistance to water stress and their subcellular locations.
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Future Directions for Biostabilization
We found that mammalian hepatoma cells that express a chimeric protein composed of the first 70 N-terminal amino acids of AfrLEA3m and green fluorescence protein readily incorporate the construct into their mitochondria 16 . Recently we confirmed this finding for a construct composed of the complete LEA protein fused to a blue fluorescence protein (unpublished observations). These results demonstrate the highly conserved nature of the protein import machinery for mitochondria from mammalian and invertebrate cells, and indirectly, of the targeting sequence as well.
If isolated mammalian mitochondria are frozen in the presence of trehalose (trehalose present outside but not inside the matrix) some functions of the outer membrane are maintained, but pivotal bioenergetic functions of the inner membrane are compromised 22 . Rat liver mitochondria that are loaded with trehalose in the matrix (i.e., trehalose present on both sides of the inner membrane) show significantly higher inner membrane integrity after desiccation than those without trehalose loading. Still, irreversible damage occurs at water contents below 0.2 g water/g solids 23 . These result demonstrated that to confer complete desiccation tolerance to a complex structure such as the mitochondrion takes more than optimized loading of trehalose. AfrLEA3m may not be the magic bullet in engineering desiccation tolerance. Nevertheless, the opportunity to investigate the impact of combining AfrLEA3m and trehalose for biostabilization of mitochondria might bring us one step closer to the exciting possibility of engineering desiccation tolerant mammalian cells and tissues.
